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nPI4JTIdBHbIE CO CTABJIflTOIUUE B SJTEKTPOTEIIyPUqECKOM frOJrE
@ 2003 r. A. H. Kponeneqt, f. H. Konrrnona2
l Kau,ramcrcurt zocydapcmeeuuait nedazozu,tecrcuii yuuaepcumem, z. IIemponaenoecrc-Kau,tamcrcuu
2Kauqamcrcafl onbLmHo-,i4emodu,-tecrcaa ceftcuo,lozuHecKan napmurr fC PAH (KOMCn fC PAH),
z. Il emp o nae n o ec rc - Kau.tamc rcui
Ilocrynuna B peAaKqnrc 18.07.2002 r.
Ha ocnoee AaHHLIX MHoroJleruerl perncrparlr{u pa3nocru reJrJryprrqecKux noreHr-IrralroB Ha u3MeprreJrr,-
HI'Ix JIITHIT{x (L = 100 lr) nn. BepxHaa llaparyHra lr Tyngponuri, Kalrvarra, rpoBe[eHo rr3yareHue rpr.rJr6B-
Hofo orKJIIrKa 3JreKTporerrypuirecKoro floJ'rr (3Tn). 
.[,,rx aroro npoBoArrnocb conocraBJreHrre BbrAeneH-
Hr,Ix aMIIJTIITyA I{ Qa3 rapMoHnqecKl4x KoMnoHevr MT 01, 51 r Ap. sJreKTporeJrJrypnqecKoro norq c reo-
peruqecKllMu Qa:arran Ir aMnJIIrryAaMu coorBercrByrorqrx [puJrr{BHbrx BorrH [Meltxnop, 1968].
O6Hapyxeno KBa3I{craIIIIoHapHoe nporBJreHrre n 3TlI Ha o6orlx rynKrax KoMnoHeHT c qacroraMrr [pr{-
JIUBHbIX nonu O1, Mz, Kt, Pr, 51 n Sr. llx aMnnlrryAF,r cocraBJrnor nepBbre rr.mB/rra. flora:auo, qro roAorpa-
Qrr nerropoB KoMnoHeHr M2v 01 a.nerrporennypuqecKoro roJrr ua n. BepxHaa llaparyura rrMeror srr-
JrII[TIIqeCKyIO QOpt"ty C [pOXOXneHr{eM 3KCTpeMaJrbHbrX TOrreK B MOMeHT[,r BpeMeHrr, COOTBeTCTBVTO[pre
$a:au 0 n n pag BoJrH 3eMHonpr{JrrrBHoro norenrluaJra. 3ro yra:rreaer Ha HenocpeAcrBeHHvro cBr3b KoM-
IIOHeHT O 1 u M2 3neKTpoTenJlypllqecKoro IIoJIt I{ 3eMHoro npIUIIrBa. ,[;rx rolrnoueHr 3TIl c qacToTaMn
nOnn K1, P1, 51 n Sr TZIKOT 3aKOHOMCpHOCTb nOBeAeHLIfl B9KTOpOB II IIpI{nI{BHbIx [OTeHqIIaJIOn ne Ha6nrO-
Aaercq. 3ro yraerteaer Ha yrracrlre pa3rrqHbrx $axropon e llx SoprnrupoBaHrrrr [pr{ He3Haqr.rTeasxoft po-
nr.r npr.InllBnoro no:gericrnns. BunolneHa orlenKa reH3or{yBcrBr{TeJrbHocrr{ crrcreMbr perucrparluu ST|I
ua n. Bepxnaa llapa'rynra, Koropar Moxer 6urr none3Ha nptr rorrcKe aHo]'4ar[ri 3TlI, ceqsauHbrx c [po-
rleccaMrr [oAroroBKrr crrJrbHbrx 3eMJrerprceHlrrl. flpegnoxeua seHorraeuoJror[arecKaff Mo[enb. o6trcnaro-
qat oco6eHHocrl{ [oBeAeHIrt KoMnoHeur..Ol u M23TtI B par:ioHe n. Bepxnxx flaparynra Slrnrrpaquon-
HbIMI{ npoqeccaMlt B cJlo)KHonocTpoeHHou cpeAe. coqepxauleu [3orpo[Hbre r{ aHr.r3orponHbre cJror{.
K,trc.teawe cnoaai gJreKTporennyprlqecKoe rroJre, 3eMHbre [pIInnBbI, certcnau.rHocrr
BBEAEHI4E
Perucrpaqufl HanpDKeHlrri vexgy fiapaMlr Haxo-
Arulr{xcr B 3eMJre SJreKTpoAoB rro3BoJrreT orrpeAe-
JI'Tb 3Har{eHne rpaAr4eHTa cKaJrflpHoro noTeHq[aJra
sJreKTpoMarHrrrHoro rroJr{ 3eMJrr.r (sreKTporeJrJry-
pnqecKoro floJrr - 3nD. B re.reHue HeCKoJrbKr,rx
AecqTureTulr n pas;ruvubrx ceucMoaKTr{BHr,rx pefr.ro-
Hax, B T.q. Ha Kalrvarxe, [poBoAnTcr pefr{cTparlr{fl
ST|I c LleJrblo o6napp<eHuq npeABecrHr,rKoB 3eMJre-
rpxceHuri [Co6orer, 19931. llpn erou npeAnonara-
eTct, r{To npoqeccbl IIOAIoToBKII 3eMJleTpflceHr.rrr
MoryT HaxoAr{Tb orKJrr{K B Baprrauurx 3Tn BcJreAcr-
Br.re paoorbr MexaHosJreKTpuqecKr4x npeo6paaonare-
Jreri. B KarrecrBe MexaHogJreKTprrqecKrrx [peo6pa3o-
BaTeJrerr paccMaTprrBaroTcfl 3JreKTpoKr.rHeTr,rqecKue
flBJreHrrq, [be3o3QQeKT, [poqeccbr gJreKTpr3ar\nn
cpeAbr nprr ee pa3pyrrreHr.ru r{ rpeHrrrr n Ap. [3reKr-
poMarHr{THbre. . , 1982]. Ho, ueclrorpr Ha MHoroqrrc-
Jre HHbre coo6rqeHr4q o peilrcTparlflrr pa3Hoo6pa:uux
rapraaqufi ST|I s cBfl3rr c 3eMJrerprceHurMr{, Ao Ha-
cTorulero BpeMeHr,r He rrMeeTcfl oAHo3HaqHoro [peA-
cTaBr'reHrI' o6 yHr4BepcaJ'rbHr,rx oco6eHHocTrx npoqB-
renufl. TaKr{x rapuaqlli. 3ro cag:aHo c rpyAHocrbro
r{Hrepnperarlnr{ BpeMeHHbrx pflAoB 3TfI u:-sa pa:-
Hoo6pa3 Horo rr Koy[Jre KcHoro B Jrrr''Hrls, pa3r ur{Hbrx
BHerxHrrx rr BHyrpeHHtrx +aKTopoB. B pe3yJrbrare
noHocsepHbrx, MeTeopoJroruqecKr{x, TexHoreHHbrx
r{ Ap. Bo3Aeficrsrrl [epeA ,rrc6sru 3eMrerpqceHueM
MOfyT npoflBJrrTbcq B tuupoKoM Ar.rana3oHe qacToT
pa3Hoo6pa3Hbre Bapr{arluu 3TlI, Koropr,re ycJro)K-
HflIOT BbIIeJIeHUe CI{rHaJIOB, CBt3aHHbIX C CeUCMIiT{-
HOCTbTO.
Oguulr lls cnoco6oB or1eHKrr r{yBcrBureJrbHocrrr
3TfI r rr3MeHeHruM Ha[pnKeHHo-ge$opurapoBaH-
HO|O COCTOTHT4T CpeAbr qBrfleTcr uccJreAoBaHrre oT-
KJrr{Ka 3TfI na [ptlJrr{BHbre eorqer)icrnna a reepgori
3eule. flpullrnsr Moryr rrHr{qrrrrpoBarb HeKoropbre
H3 MeXaHO3reKTpnqeCKllx npeo6pa3oBaTener;i, qyB-
cTBr.rTeJrbHbrx K MaJrbrM Bapr4arluxrr,r qeQoprraaqufi
ulunu mexaHr{qecKrrx Hanpf,x(eHtrri n qlrana:oHe rrac-
Tor rrpr{JruBHbrx Bo3Aeftcrsuri. 
.[ereplrnnupoBaH-
Hocrb nprrJruBHoro noaqelicrnufl Ha 3eMrro [Melr-
xllop, 1968] rro3BoJrfler rrccJreqoBarr nplllueHofi or-
rnux 3TII rryreM co[ocraBJrenlrr Qa: rr aMrrJrrrryA
BbrAeJreHHbrx rapMoHuqecKrrx KoMrroHeHT 3TlI c re-
opeTnqecKuura Qa:aun II aMrrJ[rTyAaMrr [pr4Jrr.rBHoro
[oTeHrlrraJra, a TaK)Ke c ApyfnMrr xapaKTeprrcTr4KaMrr
[pr.r!'rr.rBa. {enrro gaHHor)i pa6orbr flBrrflercr rrccJre-
AoBaHne oco6eHHocreft npulusuoro orKJurKa 3JreK-
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pnc. l. pacnoloxeHue rryHKToB greKTporeJrJrypfiqecKr{x ua6.ruogenuli (a) n n:vepllre;rsur,tx ltlntltli Ha nynrrax Bepxnxx [Iapa-
ryHKa (B) n TyHlponrIi til; fOl - nprr"p HegerrHor:t perrrcrpaurfir pa3Hocrlr e.neirpore,'uypltqecKllx noreHIIllaJ'IoB Ha nuHuu zl
nl B"p*rr" liup"ryn.u, eepxnurl rpaQ;x - gaHHue urlnyruoti perucrpauuu, suxtrufi rpaQur - cpeAHeqacoBble AaHHbIe'
I,{CnOJIb3OBAHHbIE AAHHbIE
C 1996 roAa KOMCI fC PAH rpoBoAl4r Henpe-
pF,rBHyro pefl{crpallHro 3TfI Ha ryHKrax Bepxuxr
haparynra (BlI) u Tyngporsul (T) (pttc. l) c nc-
noJrr,3oBaH14eM r oQu3uqecKoll paAI{oreneMerpHr{e-
cKori cucre*rsI [Mopo: tl AP., 1995; Balecra r Ap..
19991. r{acrora orpoca cocraBJlfler I rrauuyra. Ha Ils-
MeprrreJIbHL,IX rluHutx nn. BfI n T (plrc' ls, lr) perlt-
crplrponanncb pa3Hocrll rIoreHIIIIaJIor U ltexgy na-
paMr.r cBrrHqoBbIX 3JTeKTpOAO-B, TIOMeUIeHHbIMIt B
[ljrypQbl na uy6uuy He MeHee 2 u gttx MI{HI{MII3aIIIIn
TeMrreparypHblx Brtlqnlrfil. ,flnltH:.;' L n a3IIMyrbI c['
r{3MepI{TeJlbHbIx JrIrHIrf{ [peAcraBJIeHbI B TaoJrIIqe.
A:lrrvryrst coorBercrByror HanpaBJleHr{fl M BeKTopoB'
[pOBe[eHHbIX OT yCJIOBHO OTpIIqaTeJILHbIX K yCJIOB-
HO IIOJIO)KI{TeJrr,HbIM gJIeKTpoAaM. llorpeuruocrr
perr{crpalll{v (J cocraB.nqer 0.5 uB' B pa6ore lrc-
rIoJrb3oBaHbI BpeMeHHLIe ptAtI u q.nurelr,HocTbro
4rona 8 r 'aecrqen ArI t  n.  BII  (c 1.10.1996 r.)  u I  ro4
Arrr rL T (c. 13.07.2000 r.). flponycxtl B rr3MepeHnflx
COCTaBJI'IOT MeHee l7o.
B u:uesenusx 3TfI Ha o6onx nyHKTax BbIAerq-
rorcr cyroqHble I{ norycyrotrHble Baplraqlalr (puc. l6)'
aMnnr{TyAbl Koropblx cocraBJrflIor AecqrKu-[epBbIe
corHII ru{KB/lr B 3aBI{Cr{MOCTI{ OT reoMafHlrrHon so:-
Myule HHocr r'r rr B trvflHrrq Mereopofl,orl{ qe cKlrx saK-
ropoB [Konuloea u AP., 2001]. Ha ecex u3Meprl-
t Brr6op [yHKToB Ha6lroAesIlll, AJrI{Hbt Ir opuenralrlrn Ir3MePI{TeJIb-
t+o,"in""ti onpeAerrt'Iucb IO.@. Moporou, I'IBfuf ABO PAH'
ot43rlKA 3EMII4 Nb 5 2003
IIPI4JII{BHbIE COCTABN.flUII4E B 3,TEKTPOTEJIJIYPUVECKOM IIOJIE .7'7
XaparrepucrrrKr{ rr3Mepr{TeJrbnbrx
[ptrJn{BHbrx KoMnoHeHT Ot w Mt Bo
nuuuft. Ha nyHKTax
BpeMeHHbrx prAax
Bepxuax llaparynxa u Tyugponr,rfi, Sa:rr Ag u arr.rnlury4lr8i
BpeMeHHbrx p{AoB giHa lruHurx n. BlI. llpn erolr uaHeKOTOpbrx rlHTepBaJTax BpeMeHr{ Arrala3oH rl3MeHe_Hrrr.r Ar4c[epc[]r prAoB gi Ha ilvlnflx n. T B AecrrKr{pa3 fipeBblrxaeT aHaJroflrqHble BeJrI4rILrHbr Ha JI[IHtlflX
:j BII Taxofi eeeerr rroBbrrreHHofi :auyrr,reHuoc_Trr BpeMeHHbrx ptrAoB U u g,ua n. T sr,rssaH [ocroqH_HbIM BO3Ae'CTBTIeM TexHofeHHbIX [OMex u3 noceJl_Ka, a TaK)Ke nepnoAr.rqecKrrM AericTBr.reM MOrrIHbrxgJreKTpOMarHrrTHbrx ycTaHOBOK.
B bIAEIEH r4E npr4InIBHbX KOMTIOHEHTB 3JIEKTPOTEIIJIYPLII{ECKOM IOJIE
_ 
Keas uc m a 4uo Hap H b te np u"x u6 Hb rc Ko "Mno He Hmb t.
,(ra pagor g,(t)_s guana3oHe repuogon T = ll_27 \a_coB C ruafoM l/T sr,lnornrJrncb npoqeAypbr crrHXpOH_Horo HaKonJreHr,r, curHaJroB [Cepe6peHH"xo", [ep_Bo3BaHcKHri, 19651, a 3areM onpeqerr"rrrncb aMrun{Ty_
AbI .'J I{ Q-ASSr OCUOBHbIX TAPMOHIIK HAKOIIJICHHO'O
cr.rrHar'ra. Pauee [porleAypa izuxpoHnoro HaKonr,re_Ht{r [pr.rMeHqJrocb AIrfl rrcclreaoBaHr{, oco6esHocrefi
rrpl{JllrBHofo orKjrIIKa B BbrcoKoqacroTHoM cercMLI_qecKoM uryrue (BCIII) [Ca,rrsrxos u Ap., 1997]. n;_ur,tu a"rropurM Br,IAeJIeHux eaarr t.l aMrrJTrrryAbl npr{_JrrrBHoro cr4rHaJra u__r{ylyJrbcHoM SJreKTpor\{afHr{T_HoM r3ryqeHuu (I43Mtr4) npuueHe, " Jkporr.""i,flat.nroxor, 20001.
^ 
Ha neprroAorpaMMe prAa g+o (pnc.2) oruevenr,r
o)KIrAaeMbIe IIoIO>KeHnq TIT,IKOB' C[fHaJIOB c qacToTa_Mu, coorBercrBvlolrluMlr [pItJI[BHr,lu nolnau M2,
9): r', K,,L, r 3i 1vr"r'"*rfp,-14d.'Fiu ,,"prooo_rpauuaxg( t) ua .r,uuuxx l, 3, 4 n. B lI ll na .rruungx l_
1:1-6 n. T nag ypoBHeM uryMa yBepeHHo BbrAerrflror_cr rrrfKrr, cllBrraAaroqHe no [epnoAaM C nprrJruBHbrMrrBorrnaMrr 
.tr (24.00 v), ,S1 ( 12.00 v) u O , 125'.82,). t ;;_plroAorpaMttax g,(t) Ha 
_IrhrHtrflx 1,3 u 4 n. BII ""rq"_Jrqrorcq raKxe nnrn M, (lZ.4Z u), K1 (23.93 v) ra?1(24.07'r).
Te,rr bH brx .trnlll.dflX rrpocJl e)KI{ BaIOTCfl f oAOBbIe IIe plro_Arr qHocrr{ n 6yxroo6pa3Hbre Bapuaqru 3T[ BTerreHr{e cyroK_[epBbrx AecrrKor -yrox. Tarue us_MeHeHur o6yc:roe.rreubr, B [epByro o.rep"go, ce3oH_HbrM xoAoM rroTeHqrrar,roB co6cTBeHHOfi nonapu:aquz3JIeKTpoAoB u SopullpoBaHr{eM eu,,rtrpaquoHHbrx
noToKOB [OA3eMHbrx BoA B pe3yJrbTaTe cr,rJrbHbrx
AO)KIe R H T aflHl|/l',, CHef a.
llpegnapllrerbHaq o6pa6orxa AaHHbrx Ha6lroqe_
HLIR 3aKrrorlaJlacb B Bbrrtr.rcJreHmu alrfl ra>xlofi ift ln_
Htrrr BeJruqrrurr g, = IJ;lL;, Koropar, c ToqHocTbro Ao
uryuoror.r qo6aeru, paBHa [poeKrlrrrr rpaArreHTa cKa_JrrpHoro [oTeHrlr.raJra SJreKTpOMaf ullrHbro no,rq 3e N{_
y YV Ha HanpaBJreHue coorBercrByroqefi trlrunu2.sareM Arf l{cKrroqeHrl' Hrr3KOqacToTHOfo TpeHAa c
rrraroM I qac asrqucJrrJrr.rcb pa3Hocrrr S, = (gl)r _
- (Sl)or, rge (gl)r - cpeAHeqacoBbre 3HaqeHr{r, a
(gj)or - crorb3qrrlne cpeAHrle no 4g-ulr qacaM. B Aa,,rc_
uefi ureu aHaJrn3r{poBaJrr{cb BpeMeHHbre prAr,r g,j.
_ - 
3lerrporerrypnrrecKoe rroJTe Ha rryHKTe T noq_Bep)KeHo TexHofeHHbrM rroMexaM u:_:a 6,rn:ocrlr[oceJrKa, pac[oJro)KeHHOfO Ha paccTorHrrrr B nepBbre
corHrr MerpoB or rr3Mepr.rreJrbHbrx,runuli. Texnoren_HOe BJ'rr{rHr,re nporBJrSeTC' B XapaKTepHbrx cyrovuori
u HeAerbHoi nepuoArrqHocrrx qncn^epcllr.r BpeMeH_Hbrx prAoB U. BernquHbr Anclepcu" "penn.r""r* p"_AOB gi, orleHe HHbre no cy,To r{Hbrrrl cepuarra na6lroqeuufiHa JruHlz'rx u. T, s | .3_1.4 para npe"irrualor Ar{cnepcurr
:-
- Mrr ue cBr3brBaeM gj nanp"rya c coorBercrByxru-trrMu npo-
eKrIH.sMu 3J'reKTpuqecKoro rroJrr, TaK KaK g,l "",rroua"r_ HeKOH_
rporlrpyelrlrri uJyM. a Hafipr),r(eHgocrb 3JreKTpuqecKoro loJrqF, gxa rc.{aer He ro,t bKo rpaA r.reHT- cKarr"p"oao rrore Hu rra J,ra
:I_y:,:: i rrHAyKrrrroHHy,"'.,i".i _a,q,)5/,',lo;"A"_ nexropuuri[oTeHLII{aJ'r 3J.reKTpOMarHrrTHOfO norr.
OI,I3I{KA3EMJII4 J\b5 2OO3
flyuxr
Koop4uHarrr Xaparrepcrnra nuHlrri Bonna 01 Bonua M
rlrnl oirNl Jl:rol.nx i [lruna,
M
Asnrr.ry.r,
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Plrc.2. | IeprroAorpaMManapl laql l i lTeJlJ lypl{ 'qecKl lxnoTeHII I IaJIoBHaJII IHI Iu4n.Bepxrrrr | Iaparyrrxa 'n[ I lana3oHenep[oloB
1 l -27qacos (a ) , sAuanaso ' "n "p "oao " l 1 .5_13 . I acoe (6 ) I tBA I I a I I a3oHenep i l oAoB23 .5_26qacoB(B ) .
llepuoquvnocrl{' coBrlaAarouue rro qacroraM c
"On"Uta 51, Sz, K1u Pp HeJIb3fl HaIIptMyIO cBq3aTI' c
nptn""""tt "-otlattat"teu' fleplrogur{Hocrlt S' u S'
Moryr 6srrs o6ycJIoBJIeHbI corHer{Ho-cyroqHblMl'I
Bapr{aql{flMl{ reoMarHrrrHofo rloJrfl Tr{[a sn lfuos-
iiufit, 96al n ApyrrIMH Qaxropar'ru' flepno4uuHocrl{
a.tu"toto*" "ottt r<, n P, lroryr 6rtrl rou6nHaIIIrOH-
HbrMI{ cIrrHaJIaMlr cyrovnoti u ronoroft qacror' B lro-
6orra clyvae, orAeJII{Tb co6crseHHO npnlr'  rnusln or-
*nt* ubrr" K, u P, or cnrHaJla' o6ycroBreHHoro
yKa3aHHbIMu QarropaMl{, He flpeAcraBrqercfl Bo3-
ro*"ott. Buecre c reM, ycrotlvuelte npoflBJreHlIt
cr{rHaJIoB eolu Or u M. e BapIIaqIIt{x gi Ha.Tpex I4-3 qe-
tl io"* n"""fi n' BtI l l-cl lrHaJIoB BoiIHbl o' Ha 6o"ns-
-"rat"a ,lntluii n. T yra:ltralor Ha cyqecrBOBaHI'Ie
6rugrux K craql{oHapHblM [plrJrI'IBHbIX cocraBJltlo-
rlux B raPnaqurx 3TlI.
B ugnenenvflx gz!) n' Bfl He o6napyxeHbl rpo-
""n"t"" rolu O1 in" tutt (ra6l')' flnrana r'u:nuu 2p
cocTaBJIfeTscero20rrlI lraxofiAJII,IHbIHeAocTaToq.
HO trrq BbIAeIeHIrfl I{3 luyMa npIrJrI{BHbIX ClIrHaJroB B
3Tfl, gaxe flocJle I{x HaKonJreHuq B TeqeHtle 6onee
4* rer. Ha:u*rusx u. T ne BbIAeJIeHbI cllrHaJlbl c 
qa-
crorofi BoJlHbI M, (ta6t.), [o-BIIAITMoMy' I{3-3a BbI-
coKoro ypoBHfl TexHoreHHE'IX rloMex'
Bpeaeuu4rc sapuauuu npu'nusHozo omKJluKa'
h[:tr DqAos g; B cKoJrb3trurux oKHax llnuofi 672 saca
Gonitu ot); 696 qacoB (eonua M2) r.srnotHtJlncb c
aurot 3 
^qaca [polleAypbl cl{HxpoHHoro HaKonJIe-
Hrrt CIITHaJIOB c nepuoAaMlr cooTBeTcTByroullrx BoJrH'
!,;rure:tnocrll oKoH rul6paust raKIrMI{' 
qro6r't o6ec-
rleql4BaJlocb [oAaBJreHlIe npocaqu^B^a-Hllf B oKHa MoIrI-
;;t;^;il;;;"" itutupn" (r'rn'), 19901 c nepuo4aun l2
i i+ "i"u.3a'reu gnr xaxgofi trvr\ry (oruevarorca
r"u"*"ot i) n xaxgofi I{3 BoJIH O 1u M'' (oruevarorca
r"i"*"ot;) orpeAeJrtJlllcb aMTIJII{ryqI'l s;(t) t Q1::t
o,,(t) ocHoBHbIX rapMoHIrK HaKonJIeHHoro clIrHaJIa'
Arnnttyl"r s,;(f) AJrr reKyulnx oKoH {Brqlorcq
cDetrHL{MI'I B oKHax. a Sa:st 91(r) onpele-lt-t l lcb Ha
.bp.n""y oKoH. 3areru u3 3HaqeHl l t i  9{ r )  Bbtqt l ra-
nilcu $a'eoI npIrJlI{BHofo rloreHuna'ra <D;(r)' paccqn-
raHHbIe Ha re )Kc MoMeHTbI BpeMeHI'{ fMenrxlrop'
1968; Earruer I{ Ap., 19891' Pa:socrn Sa: A<p'i(t) =
: rgl?> -@;(r) nsrv'cJlrrll'cb no nogy;*o 2n'
fpadurn H3MeHeHI{r pa3Hocrll Qar Atp*'. o{t) Lr
aMIInl.{TyAbl s40.91(t) [peAcraBneHbl HapIIC' J' ANrII-
iilrryAbl cllrsa,'la sry.p1(t) (pllc' 36) u3MeHtercq B Au-
00
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ana3oHe or 0 go 8 rrlrB/u npn cpeAHeIi serl'IqnHe
6nuaroli x 2 lrrB/u, r{To corracyercfl c Be,'III'II4HoI'I
s1p.ot = 2 v'rBlv', o[peAeJrteMolt no nepuoAorpaMMe
(prac. 2e).
B n:uenenutx Lqao.6r(l) (pllc. 3a) nuqe;urcrca
[epuoAbr cpaBHLrreJIbHo ycron'{LlBoro noBeAeHI'I'' KOr-
Aa 3HaqeHur Ag 6lu:xll K cpeAHeMy, a vx Allcnepcuq
6ru:ra r 0, a raK)Ke BbIAeJItIOTcfl nepl{ogbl, KorAa
paa6poc gHaqeHIaIi Ag 6nu:ox K MaKcI'IMaJlbHo Bo3-
uo>rcrori BeJrHrillHe 2n.B nocnelHeM cryqae pa3Hocrb
Saa uueer HeonpeAeJleHHoe 3HarreHIIe. KaK rIpaBIlJIo,
BpeMeHHbIe IIHTepBanbI rIotBJIeHI,It MltHIrMaJlbHbIx
aMrrJrr{TyA s coorBeTcrByloT I{HTepBaJraM HeonpeAe-
JreHHbrx :Ha.{eHIlIi A<p. Ha raKlrx ItHTepBaJIax orHo-
rueHrre "nplulnnnofi curHal/[ryu" n plqax 8i, YMOHb-
rxaercf HacroJrbKo, qro [pL{rLIBHon cIlrHaJI He Mo-
><er 6urs o6uappr<eH. 3aurylrneHHocrb cl{rHaJroB
He rro3BoJrteT oAHo3Har{Ho nHTep[peTl{poBaTb 3Ha-
qeHuq s;; (/) e KaqecrBe aMnJIIITyAbI I'ICKJrIOqI' ITeJrbHo
rrpnJrr.rBHoro TKJrrIKa, TaK KaK Ha HeKoTopblx Bpe-
MeHHbrx r4HTepBaJrax aMnnIITyAbI lxyMoBbIX COCTaB-
Jrflroulllx c qacroraMlr BoJIH Oy u Mr, rraoryr 6urs
cpaBHIIMbI c aMTIJII{TyAaMI{ pIIII{BHOTO OTKJrrrKa l{JIIr
Aaxe Hx IIpeBbltlrarb.
B pa6ore [Kporeneq, llasrloroe, 1999] norasa-
HO, qTO npII3HaKOM CyUIeCTBOBaHUq CTaIIUOHapHofo
"  
1.10.96 1.10.97 1.10.98 1.10.99 1.10.00 , [ara
Plrc. 3. I4sveHeHr4r pa3HocTu Qaa Ag (a) u aunnllrylu s (6) KoMnoHeHTbI 01 3rleKTpoTe-{IyPl^qecK9-ro rorq Ha ,rllsuu 4 n.
BlI.  Bep'rnra;rbHbrMr{ r lrHnrMs noKa3aHbt 3eMrlerptceHlrf l , :  I  -5.12.199'7 r. ,M=7.9;2 - 1.06.1998 r.,M =6.3; J - 8.03.1999 r. '
M = 6.9: 1 - 20.12.2000 r., M = 5.6.
crrrHaJra B cr{JlbHo 3aruyMJreHHoM pflAy CJIy)KIIT TeH-
AeHqnr BbrAeJIeHHbIx pa3Hocreli $as A9;l/) rpI{HI{-
Marb orpeAeJreHHoe (repnoe!) 3HaqeHLIe. llo gan-
HbrM Ha6JrloqeHuli ST|I na rvtr'rtfl, l, 3,4 n. BfI raxue
3HarreHuq A<pit(r) AJI' BoJrH O1u M2BbltBrqlorct c no-
Morrlblo rllcrorpaMM (plrc. 4). 9erxlre MaKcIrMyMbI
II'ICTOTpaMM Ha O[peAeJIeHHL'IX 3HaqeHuqx yKa3bIBa-
ror Ha cyqecrBoBaHue 6rlrsrrlx K CTaqLIOHapHbIM
KoMnoHeHT c qacroraMl4 BoJIH 01 u M1. B ra6,luqe
npeAcraBJreHbI cpeAHlre 3Har{eHI{t Qa:orsx cABI{roB
Aqr(/) rr aMnJrr{ryA su:(t) rpogrygil Bij = (Vty);; npu-
Jrr{BHbrx KoMnoHeHT Oru M2 3Tr[ no HanpaBJreHI{flM
coorBercrByrotqnx II3MeprrreJlbHblx rlrHI4l{.
B occmauo eneHue cmpy Kmypbt np u,nusHblx Ko'M-
noHeHm 3TlI. HecraHQaanocrs KoMnoHeHT cl{rHa-
JroB c rrprrJrr{BHbIMI,I qacroraMrr Oru M2 Ha ruHuqx rl.
BfI (puc. 4) n curHara Ol ua n. T (ra6nuqa) yxa:lr-
BaeT Ha TO' IITO nOJIflpI{3aIIut gt B CpeAe He qBIteTCq
luseitHoli. Eclu cqurarb, tITo MrHoBeHHbIe 3Har{e-
Hrrfl BeKTopa cral{IloHapnoIl nplrlusHou KoMnoHeH-
rsI 7-oli BoJrHbI gt = VVi 3aBrrcI{T ToJIbKo or QaasI
BoJrHbr, T.e. gj = gi((Dr1, To Mo)KHo oqeHIITb rIpoeKqI{I{
BeKTopoB nplarueuorl KoMnoHeHTsIT-ofi BoJIHbI g.{,j I{
g". i H8 KoopAt{HarHble ocu Ox (HanpanJleHa Ha Boc-
rbk) n Oy (uauparJleHa Ha ceeep). Konuqecrso rI'I-
unrli ua nn. BfI n T no:sorter BbInoJIHIITTJ TaKyIC)
r
sor,
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Pagnoc'rs Qa:, pag
nporleAypy MeToAoM HaI.IMeHbtuI{x KBaApaToB, ocy-
rrlecTBJrrt [pLI STOM TaK)Ke AOnoJrHLITeJrbHyIo oqncT-
Ky cr.rrHaJla or ilryMa.
Arx ro<nofi ue sorH cocraBrqracs Qyuxqur He-
B'3OK
- f - aRt = ) .(s i . , ,  -  (8, , ;s incrr + 8y, jcosct i ))- '
i
r[e i - uHAeKc cyMMLIpoBaHI{t IIo BceM JII{HI{'M [yHK-
ra. HelrgsecrHble npoeKr\rrv Sr.iv Ey,.iHa KoopAI{Har-
Hbre ocu onpeAeJltroTcq [yTeM peureHlrq cucTeMbl
yparHeuulr
dR;/Dg.,.;  = 0, dRr/Dg",, = 0.
[;rr n. BfI oroH.{areJlbHr,Ie BbIpDKeHufl [pIlHII-
MAIoT BI{A
I  t  t A t
8 , . / (o r )  =  - ^ (  (So , )  +  3 (S r , )  +  J2 (gpa> \ .
.  
( l )
| ^ t t I^ t
8". ; (or)  = ^(3 (su,)  + (sr , )  -  J2 (so*)  ) .
rAe yrJroBbre cKo6KIt o6osHa'rarcT ycpeAHeHl{e IIo
BCeM MOMeHTaM BpeMeHI{ c oALIHaKoBbIM 3HaqeHI{eM
Qa:sr rrccJreAyeMotl npulunuoli eorHst. I'{:-sa Heco-
rr3Mepr{Mocrr{ r{HTepBana AIIcKperHocrII pa4on g;(r)
(l vac) rr neprloAoB no:ru 01 u M2npu ycpeAHeHl{rr,
BMecro roqHblx:naqesnti g; a rpe6yeMble MoMeHTbI
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Pnc. 4. fgcrorpaMMbr pacnpeAeJreHrrx pa:uocreft Qa: Ag,t rapMoHltqecKl'lx KoMnoHeHT O1@) u M2 (6) npoexuuil :,rerrpo-
Te,urypuqecKoro loJu .r,, ,rrnr"r I,3 ; 4 n. Bepxrrrr llaphrynra. Cnpaea crpeJIKaMIr rIoKa3aHbI rrepeAoBaHut Qa: ua u:lue-
prrTeJrbHbIx JIrrHlttx AJI' COOTBeTCTByTOTqITx BOJIH'
3HaqeHrrr. Bstpa><eHut AJrr rIyHKTa T, nogo6Hste (l),
BbrrJrrAtr 6olee rpoMo3AKIIMLr r 33a 6olsurero ro-
rfiqecrBa ruuuir lt "uerpyrlocrlr" sHa'IeHuIi vx a3v-
MyTOB.
Ha puc. 5 ro.Irar{u noKa3aHbl KoHqbI BeKTopoB
gi(Oi) = (g".;, gr.;) solH 01(puc. 5a) u M2 (pIlc. 56) e
pafioue n. BfI-e"coorsercrBl{I{ c (l). Pxgolvt c roqKa-
Mr{ orMer{eH},I 3HarleHrrt Qa: <D,. Crpelralru rloKa3a-
Hbr HarrpaBJIeHIrt o6xoAa rogoipa$a qlx raxgoii t't:
BoJrH: no qacosoll crpeJlKe AJrt BoJIHbl O1, nporltn
.IACOSOII CTPEJIKH AJIq BOIHbI M,.HA KDKAOM I{3 TPA-
Slrroe [peAcraBJIeHbI 3HaqeHu t 91 (Q 1), noJlyqeHHble
gla nepeofi LI BTopoIl rIoJIoBttH Bcex pqAoB ua6;rroge-
uuit g,. Taxoe [peAcraBJIeHIIe Aaer Bo3Mo)KHocrb
orleHr{BaTb norpeuHocrt{ H ycrorlqHBocrb pe3yJIbTa-
roB pacrrera gr(oj).
PagHocru $a: cocegHllx roqeK, 3a ucKrlor{eHueM
nocregHeft u nepnofi lI3 rIo[aB[II,IX Bo BpeMeHHoe
oKHo crrHxpoHHofo HaKo[reHI,Iq, oTJIHqaIOTCt Ha Be-
Jrrrqr{Hy, coorBercrBy}oqyrc I{HTepBaJIy A[ICKperHO-
crr{ AaHHbIx I .Iac, repecrlnraHHoMy B Qa:y. Pa:-
Hocrr, Qa: neprofi I{ [ocJleAHefi ro.{er orJll{qaerct
Ha BeJII'IqI4Hy' KOTOpaq IIOJIyqaeTCt B pe3ynlTaTe ne-
pecrrera e Sa:y Apo6Hofi qacrl{ AI nepuoga BoJIHF'I B
qacax (25.82-25.0 = 0.82 qaca Art O 1 u 12.42-12.0 =
= 0.42 qaca Art M'r). Taxax oco6eHHocrb Hc[oJlb3o-
BaHHoro aJrropl{TMa BbI qI4cJIe HI,III o6yc.rr anll{ Baer He-
cKoJrbKo 6ollurne rlofpe[IHocTlr onpeAeJreHrrq [ep-
0
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nPnlr{B HbIE co cTABlqIoilIuE B 3IIEKTPOTEJIJIYPNqECKOM NOIIE 8 l
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1996- 1998
a . -  r  i . . .  i r  - . t  !  - -
sorl n nocnequeri roqeK roqorpaQa gj(Oj) no cpaB-
HeHIIIO C OCTaJIbHLIMU TOI{KaMU.
Anarorn.rHbre pIIcyHKIr AJIfl rI. T He npnroAflTcfl
BCJTeACTBI{e H yCTOIIqHBOCTI{ nOBeAeHI,Iq BbIqncreH-
Hux g;(O;) = (8,.i,8),i) I3-3 crrJlbHoro ucKa)KeHnq
npururnnirx xor',rrionerlr 3TlI nouexar'au.
OBCPKIEHI,IE PE3YJIbTATOB
Bo:lro>xnocrb BbIAeJIeHuq KoMroHeHr 01 u M2 t
SireKTpOTeJIrypuqecKoM rloJIe o6yc,roeleHa TeM,
r{To flpunfiBHble Bo3AeLlcrBltt Ha 3Tux qacrorax flB-
rflIorcq AocraroqHo MOIIIHbIML{, a cIITHaJIbI Ha r{ac-
TOTaX 3THX BOJIH MeHee 3aIXyMJI9HI'I [O CpaBHOHIIIO
c cI,rrHaJIaMu K1, Pr, 52.
Cmpyrcmypa u "uexaHus'M npuJxusHo?o omKJruKa a
STII pafioua n. Bepxuaa [Iapamyurca. fogorpaQsr
BeKropoB gr(Oy) = (8.r.1, g1,,y) A,'lr eolu 01 u M2(puc.
5a-56), nonyrleHHr'Ie ycpeAHeHIteM Ha HenepeKpbl-
Barourlrxcr r{HTepBaJIax qllruoli 6o:ree AByx JIer, Ao-
craroqHo ycrofivnrsle. 3ro rlo3BoJlter cAeJlarb KaK
KAIIECTBCHHbIC, TAK I{ KOJII{qECTBCHHbIC OIIEHKI{ IIPU-
Jrr4BHoro orKJrrIKa 3TfI. Oopllsr rogorpaQoB BeKTo-
poB gor, {7p 6ttuztcu K 3JIJILI[TI{r{ecKrrM. Eolsurne






gl, [olaAaroulr{e Ha MoMeHTbI BpeMeHI,I, KOrAa fapMo-
HrrqecKr{e cocTaBJIfl loulue [pLrJrI{BHoro noTeHIII{aJra
nolH Or u M2npuuuMalor gKcrpeMaJlbHble 3Har{eHLIq,
a ux Qasu @; = 9 v Q1= n. Ha pIlc. 5a n 56 6olrurue
ocLI SJrJlItncoB ooo3Har{eHbl BeKTopaMI{, HanpaBJreH-
HbrMr{ B cropoHy, rge O; = 0. A:uuyr ocl{ AJI' BoJrHbI
O, 6nn:ox r 2l0o H HanpaBJlen na IO3. ltttYottuut M.
a3r{Myr 6rlrsor r 60o u HarIpaBJIeH na CB. cJlegyer or-
Merrrrb, qro nHBepcrrq Ha[paBreHHt BpalIIeHI,.fl gi An'{
rorH 01 (rpaqaercx no qacosofi crpe,rre) u M2Gtpo-
TUB rracoBoir crpelrlt) conpoBo)Kgaercfl TaK)Ke u Ir3-
MeHeHrreM HarrpaBJreHHq 6orllxoli ocII 9JIJIIIICa.
Coenageulre sKcrpeMaJIbHbIX Tor{eK roqorpaQor
BeKTOpoB got v Strz c MoMeHTaMU 3KCTpeMaJrr,HbIX
:HA'{CHI,IIi COOTBETCTBYTqITX 3EMHONPIIJII{BHbIX IIO-
TeHrIr.raJroB yKa3bIBaeT Ha HerlocpeAcTBeHHyro cBq3b
coorBercrByrcIqux KoMloHeHr 3TfI ll 3eMHoro npu-
Jrr{Ba. TaKrrM o6pasolr, cocraBJltlotqlre STlt r pafio-
He n. BII c qacroraMll rpI{JIIIBHbIx BoJIH 01 u M2
o6ycnorreHbl HerlocpeAcrBeHHbIM nprilII{BHbIM Bo3-
geriicrelrelr Ha rBepAylo 3eulro.
BluqHrle oKeaHI,IqecKI{x npIIJII{BoB Ha Bapttaultu
3TfI s npra6pe>rHsIx pafioHax Bocroquofi KaNr.Iar-
Kr{ paccMarpr{Baercfl r pa6ore [Co6o,rer, Mopo:on,
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82 KPOJIEBEU. KONbIJIOBA
I{CCKOTO IPI,IJIIIBA COBNAAAIOT TIO qACTOTAM C BAPI'IA-
rlr{flMrI 3eMHoro npHJIrrBa, Ho lrx Qa:sI IrMeIor cy-
urecrBeHHble orrur{I4q. F,cttu [pl{Htrb Qa:y nolHsI
oKeaHr{r{ecKoro [pI{JlnBa parHoir HyJIto B MoMeHT Ha-
u6olsurero rroAl,eMa ypoBHt oKeaHa, To B pauoHe
r. llerponasroscra-KaMrIarcKoro Sa:a no.nHlt Ot
oKeaHr{qecKoro [pItJIrIBa oflepe)Kaer Qa:y BoJIHbl
O, :eltroro rpI4JIrrBa Ha 0.90 paA, a Qa:a o<eaHuue-
cKoir BorHI'r Mt orcr?ar or Qa:st coorBs)TcrBytoulell
3eMHo[prrJlusHoll BoJrHbI sa 2.46 pa4'. Molreursl
gKCTpeMaJIbHblx 3HaqeHlill oxeaHlFrecKoro npI{JIIrBa
He HaxoAt{T orpa)KeHuq r rogorpa$ax gr. 3ro yKa3bl-
Baer Ha ro, qro oKeaHLIqecKuR npurl'rB He urpaer pe-
urarourefi poJIII B Soprr,ruponaHlllr KoMnonenr Or u
M2 3JreKTporerrypuqecKoro rloJrfl r palioHe n' BlI.
3rexrplrvecKlre roKII, [poreKalourue B oKeaHl{qec-
rrax pafioHax, oKp)2Kaloulux Kau'rarKy, Ir ocooeHHo, B
parloHe Kypuno-KaMqarcKoro rly6o<oro,qHoro )Ke-
,ro6a, uoryr' BbI3bIBarb cylqecrBeHHoe BII'ITIHIIe Ha
Qoprrllrponaulle gJIeKTpoMarHI,ITHoro noJI{ cyurr
scr-eacisue "6eperonoro sQQeKra" [Mopos, 1991; Po-
xutxucrut?, 1963]. Ha Kar',rqarKe xapaKTepHble II3Me-
HeHr{r{ crpyKTypbl gJreKTpoMarHlrrHoro uonq Ha6rlo-
AaroTcr Ha pacqroflHl{tx oT nepBbx KI'IJIOMeTpoB Ao Ae-
crrKoB KlrJroMerpor or 6epera u 3aBrlcqr or xapaKTepa
6eperorofi rvlnurr n penseQa oKeaHlrr{ecKoro AHa.
B pa6ore [Co6olen, Mopoaor, 1974] npuroavrcfl
xapaKTeplrcruKa KoJre6anuIi STII runa Sn n paiioHax
Bocro.rnofi Kalr.rarru. floxasaHo, qro I{x roAorpa-
Qsr Ha pa3ruqHblx craHllutx 6rlrsru K grrunrllqec-
KuM c opl{eHTallneli 6onsuroli ocu no Ha[paBJIeHrrIo
MaKcr{MaJrbH oro rpaAIIe HTa rlorppKeHltq o Ke aHl' Iqe-
cKoro Jro)Ka. Ilynxr Bepxnff flaparyura pacrloJlo-
)KeH Ha paccrotHl{Ir oKoJIo 20 xw or 6eperonoft tu-
nfin. BsrtqHyrocrb gJIJItr[coB [oJIflpH3aqIIu KoMrIo-
HeHr 01, M2 u S, B HarpaBJlenlru IO3-CB (pllc. 5)
rro3Borter npeA[oJlararb o[peAeJIeHHoe BJrI'IqHue "6e-
peroBoro e$$erra" na Qoprr,rIapoBaHl'Ifl ST[I- Bruec-
Te c reM, nporllBorloJlo)KHocrb HanpaBJIeHIll't gwrxe-
Hr.rfl BeKTopoB $91, EUZ He MoX(eT 6strr o6'sqcHeHa
"6eperorull eSQerrorra".
Mo>xno npeAnoJIoxI,ITb HecKoJIbKo MexaHII3MoB
css:u STII c npIIJrI{BHbllr eo:getlcreuelt'{. 3ru Mexa-
HIr3MbI Moryr AeLICTBOBaTb KaK no orAeJlbHocrrr' TaK
r{ coBMecrHo. Bo-neprsx, [prIJ]lIBHoe o6lertuoe ge-
SoprrauporaHlle QlrougoHacbltl-leHHoti cpe4lr Mo)Ker
Bbr3blBarb cltuQa:Hoe nepeMeqeHlle rIoA3eMHbIX BoA
rr u3MeHeHI,Ie IIX BHyrplrnopoBoro AaBreHIIr. BosHn-
Karollllle npl{ SToM 3JreKTpoKIIHerI'IqecKIre tBJIeHI'It
npHBoAqT K feHepaquu flepl{oAllqecKllx cocTaBJItIo-
urr{x B 3TfI. flaHurrrl uexanu:M npeAcraBr{ercq Ha-
u6o:ree BepoflTHbIM. Bo-ntopstx, HeJIb3r I{cKJI}oqIITb
Bo3Mo)<Hocrb rIpoqBJIeHI,It [r,e3o3QQerra B KBapq-
coAep)Kaqllx ropHbtx ropoAax pafiona. B-rperrlrx,
3 B"ru"c,te"rr BbInorHeHbI aBTopaMIr pa6orrt no laHHbIM pe-
Fr{cTpaqril{ Br,lcorbl oKeaHlrqecKoFo npl{J'II{Ba s AsaquHcroil
6yxr-e n reqeHl{e 2000 rola. I4luepeuur nponogu'rutcr' Kallt-
qarcKnM TeppI{TopnaJrI'HblM ynpaBJreHIreM no flrApoMereopo-
i,rorll,l H KoHTpoJIto oxpyxarcuteii cpeAbl.
npr.rJrrrBHoe no:qeficrwre Ha I{oHocQepy, MarHI{To-
c$epy, )KIIAKoe tApo 3eMJIIr rI, TaKITM o6pa:ou, Ha
TOKrr B HrIX, a TarcKe IIpI{JII{BHOe BO3AeI{CTBHe Ha
Qeppolrarul{THl'Ie nopoAbl Kopbl I{ MaHTI{II Mo)Ker
reHepr.rpoBarr g6114:rl seN{Hou noBepxHocru I{HAyK-
rlrroHHyro rlacTb greKTpuqecKofo noJlt, KoTopat rr3-
3a HeoAHopoguocrefr gJleKTpI{qecroll uporoqllMocTlr
rprrroBepxHocrHoro c.noa rpancSopMrpyercq e 3TfI.
Oco6esuocrl{ roAorpaSoe eolH Ot u M. [o3Bo-
Jrflror rrpeArloJro)Klrrb oAHOBpeMeHHoe yqacrl{e' [o
rparineri Mepe, AByx MexaHl{3MoB Qopuuporaunx
rrpr.rJrrrBHbIx cocTaBJItloqrrx 9JIeKTpoTel'Iyp[qecKo-
ro [oJrfl. flepnufi MexaHII3M Mo)Ker 6strs css:au c
HenocpeAcrBeHHblM AefiCTBUeM npl'{JrI{BHbIX Clrn. cO-
CTaBJIflIoUII{e IpIiJII'IBHOTO lloTeHguarira W61, WM2
[peAcraBJrtrcr 6eryullle c BocroKa Ha 3anaA cQeptl-
qecKrle rapMoHl{Klr
W or  = Csy s in(2Q)cos(orp ' r  + ( l '  -  1"0)) ,
W *rz = Crrcos2lq;cos(r r r r . r '+  2( l '  -  1"0)) ,
rge l, u Q - roopgllnarbt rtpoll3Bolruort ToqKIr Ha rro-
BepxHocrll 3eu.rttt. lo, 0o - KoopAIrHarbI [yHKToB
(ra6rlrqa); cDr - r{acrorbl: (oor/ + (1, - h) = @or, @Mzf +
+ 2(?"- Io) = b,rzz; C1- avnturyAbl c$epuqecKr{x rap-
MoHITK; /, /' - rpeut, orcr{ltrblBaeMoe g,rx xa>xgota
BOJrHr,r c MoMeHTa, KofAa B ToqKe ua6:rrcqeulrt cooT-
BeTCTByroqIIe rlpLIJrrrBHbIe noTeHIII{aJIbI rIpIrHI/IMaroT
MAKCHMAJIbHbIC 3HAqCHIIfl .
O6OEHA'INN{ \ TYWi; |PAAI{EH'T IIPI,IJII4BHOTO NO-
TeHqr{aJra, parnslft no d6co:rrcrHoft BeruquHe yAe,'It-
Hori npturnnHoll cI{JIe, Ho rIporLIBorIoJIo)KHbII{ eH rlo
Ha[paBJIeHIuo. B erolr cryqae npoeKlllrn rpaAI{eHTa
npr.rJrr{BHOro rloTeHIIIraJla paBHbI
- f , .or = 2Cot cos(2Q)cos(<D6t)/cz, O\
f  ' .o t  =  2Co 's in (Q)s in (Oo ' ) /a ;
f  , .vz = -Cvrsin(ZQ)cos(Ov2)/a,
, f  , .uz = 2Crrcos(S)sin(<DY2)/c,
rAe c - cpegHuft paAltyc 3eulu.
Burpaxeuns (2) u (3) onucrlsator B rlapaMerpl{-
qecKoM Bt{Ae ypaBHeHnq SIrurIcoB c octMI'I, oplreH-
Tr.rpoBaHHbIMrr c poro no cropoHaM cBera. logorpa-
Qir eertopoB fol r f4aynpuIt3MeHeHI{I{ napar',rerpa O;
or 0 Ao 2n o6xo1xr 3JlJrfirtc no qacoeoli crpeJlKe'
npt O; = 0I4 Oj = 7r BeKroPbt f7 Ha urupore ua6lroqe-
nuft (0 = Qo = 52.8'N) HarpaBJleHbI coorBercrBeHHo
Ha rof r4 Ha ceBep. Mo><so [peAnoJlo)Knrb, qro oAI{H
r{3 MexaHn3lroe no:6pxgeHltt IIpllJrl{BHOH COCTaBTq-
rou1eft 3TII reueprlpyer peryJltpHylo KoMroHeHTy
3Tn gf . nogo6uyro nprl.nnnuoil cu,re:
8f = 6rfr'
rqe 6; - roe$QlrqrreHT rlponopql{oHaJlbHocru. Ta-
Koil MexaHu3M Mo>Ker ooeclerrl4Barbcq MexaHoSJre-
KTp[r{ecKuMIa npeo6pa:oBaTeJItMI,I. CBfl3aHHbIMIt c
Qlrnsrpaqlreli nogseuHblx BoA B I{3orporlHou cpeAe.
(3)
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IIPI,IJII{BHbIE COCTABJI'IOUI,IE B
fipyroir MexaHr{3M rpeqnoJraraer KoppeJrr{poBaH-
Hoe noBeAeHr.re ropr{3oHTaJrbHbrx KoMrroHeHT 3TlI r.r
IrpI{JIIIBHOTO rIOTeHqr4aJIa I,I, COOTBeTCTBeHHO, [pr{-
JrrrBHbrx o6reunrrx qeSopr',raquri IMelrxnop, 1 968] :
8rT,, = -F;cos(<Dr), 8rT,,, = -Yicos(Oi),
rle 0; n y; - roeQsuqrreHrbr rponopqrroHaJrbHocrrr.
Taroli MexaHr{3M Mo)Ker o6ecne.{nearbcr KaK rrH-
AyKrIr{oHHbrMr{ npoqeccaMr,r B cpege palioHa na6lrc-
AeHrrfl [Eepgravercrufi, XqaHon, 1985], raK rr npo-
qeccaMrr Qunr,rpaqlrrr B crrJrbHo aHrr3orpolHoli cpe-
Ae BcJreAc'rBr.re [prrJrr4BHoro o6teusoro pacufi peHr.rq
(cx<arur). llpu erou rr3orpolHbre rr aHu3orponHbre
uo QunurpaurroHHbrM cnorlcrearnt cpeAbl lroryr 6rrrs
pa3geJreHbr rpocrpaHcrBeHHo, HanprrMep, no rly6ra-
He. Taroe [peAnoJro)KeHrde rroqTBep)KAaercr AaHHbr-
Mr,r o feoJroro-rrrAporeoJroruqecKr4x ycJroBr{rx pallo-
ua na6rrogenuli. 3qecs r nepxuefi qacrr{ reoJrorrrqe-
cKoro pa3pe3a BbrAeJnroTcq ABe ToJrrqrr IIopoA,
pa3rIaqarcqrrxcfl rro cBor,rM Qlrlsrpaqlronur,ru croir-
cTBaM: BepxHrq ToJrrrla pblxJrbrx qeTBepTnqHbrx oT-
no>renuli c fiper{MyrqecrBeHHo noponofi Qulr,rpaqu-
er.r noq:erraHbrx BoA (r.r:orponHafl cpeAa) u Hrr>KHflfl
TOJrrrIa BynKaHofeHHo-ocaAoqHbrx nopoA c nper.rMy-
rrIecTBeHHo Tperqr{HHbrM Tr.lrroM ru.rpKyrqquu noA-
3eMHbrx noq (aun:orponHar cpega) [MaHyxlrH, Bo-
po>rerkuna, 19761.
foqorpaSsr cyMMapHbrx BeKTopoB rrpuJrrrBHbrx
KoMrroHeHr 3TfI g, = gl + gf ur'reror Sopry errrrr,rr-
ca rr Bparqarorcs nu6o no qacoeofr crpeJ'rKe rrpn rro-
Jro)Kr{TeJrbHsrx 6, B, 1, nu6o nporrrB qacosorl -rpen-
Krr, ecJrrr 3HarreHue 0 noloxllreJrbHoe, a B n y npll-
HUMaTOT OTpnrlaTeJrbHbre 3HaqeHIIfl, V I,OCTaTOr{HO
BeJrr.rKrn o a6colrorHori BerrrquHe. OplreHTa\vfl rr
BbrrrHyrocrr oceli roqorpaQor, a raKxe HarrpaBJre-
Hrre BparqeHnfl orrpeAeJrflroTcr, Bo-nepBbrx, cooTHo-
[reHHeM 6. F.y. Bo-BTopbrx. TrlrroM npurlruuori ror-
Hbr, [nrporoft uecrnocru. 3naqeHuq B lr y, rosuo>xuo,
3aBrrcflT rl oT fpag[eHTa sJreKrponpoBoAHocTr.r cpeAbr.
Wunep cux HanpaBJreHrrr BparrleHr{fl paccq[TaHHbrx g/
nonn 01 u M, conpoBo)Kgaercr rr3MeHeHr,teM HarrpaB-
ter.uit 6ollurux oceri e,rnlrncon (plrc. 5a, 6). flpn
groM Tor{Kr,r gKcrpeMaJrbHbrx 3HaqeHuli rogorpa$or
rrorraAaror Ha 3HaqeHr,rr Qa:0 n r [pr.rJrr{BHoro rroreH-
ulraJra, KaK 9To ua6lroqaercfl.Arrfl peaJrbHbrx roAorpa-
Qon 3TfI (pllc.5a,6). llpegno>reHHar MoAerrb r.rMeer
QeHorr,renoloruqecxuli xapaKTep, ee $u:uvecKoe co-
Aep)KaHr.re rpe6yer galsueriurert pa:pa6orru.
Oco6euuocmu cmpyKmypbt Ko.MnoHeumu S, s
3TII. llepuog BoJrHbr S, rovuo paBeH cyrKaM, H gro
rro3BoJrrer na rpaQllre rogorpa$a g51 (puc. 5r),
BMecre c Qa:arr.ru npunnnuori BoJrHbr, yKa3brBarb
BpeMq cyror (UT). fogorpa$ gsr rro xapaKrepy n3-
MeHeHrrr pa3Ae!'rrercfl Ha ABe rracrr{. fleprar qacrb
npoAoJlxaercq c l7:30 (=5:30 MecrHoe 3rrMHee Bpe-
Mfl, AaJree LT) qo =5:00 (17:00 LT). fopnsoHrarrbHbre
cocraBJrrroulne STII e arori qacrl{ roqorpaQa culr-
Ho KoppeJrnpoBaHbr, a a6colrcrsbre BeJrrrquHbr gsl
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nprrMepHo Ha rroprAoK 6olrure, rreM BeruqnHbr gJ
AJrr BoJrH 01u M2.3rcrpelralbHoe 3HaqeHne erori
"gueeuofi" qacrrr rogorpa$a Aocrrdraercfl rroqrrr
roqHo s 0:00 (12:00 LT). Bropaq qacrb rogorpa$a
gsr no Qoprrae 6rusra K gJrJrrrnrtrrrecxofi rr [ptrxoArrrct
Ha HoqHbre qacbr. 3rcrpelra:rbHbre roqKu o6eux qac-
rera roqorpaQa He cBfl3aHbr c 3KcrpeMarbHbrMr{ 3Ha-
rIeHI4qM[ npIIJII{BHO|O nOTeHUIIaJ]a, II 3TO ilO3BOIqeT
orBeprHyrb o6yc;roueHHocrb KoMrroHeHTbr gJrreKT-
porerryp[qecKoro uo.nx S, rrpr{JrrrBaMrr.
Cro>rurrr)i xapaKTep rroBeAeHrrr cyrovuofi rou-
rroHeHTbr gsl yKa3brBaeT Ha KoMrrJreKcHylo rlpupoAy
ee $oprralrpoBaHrlr. Bo:qelicrerae 3eMHbtx rrpr{JrlrBoB,
cpeArr Apyrnx Sarropon Soprr.ruporanllr srofi rov-[oHeHTbr, HaxoAtrTcr AaJreKo He Ha rrepBoM MecTe.
,[ericrnurelbHo, aMrrJrrrryAa BoJrHbr S, :elruonplr-
JTrrBHoro [oreHrlr{aJra flBilflercfl ne cauori 6olrurorl
[Me.nuxnop, 1968], a B gJ'reKTporeJ'urypr4qecKoM rro-
Jre ee aMrrJrr{ryAa uau6olrrblrar (puc. 2, 5).
O4eurca meHaolty scmaumeJlbHocmu cucme,Mbr pe-
?ucmpa4uu 3TfI a pafioue n. Bepxuaa llapamvu'rca.
B ra6lnqe [peAcraBJreHbr aMnJrr{TyAbr rrpr{JrrrBHbrx
no;rH O1 u Mrna orAeJrbHbrx rr3MeprrreJrbHbrx Jrr{Hr{-
xx. [uanasoH aMrrJrr,rrvtr cocraBJrqer l-3.5 rr.lxB/rra.
Oqeuxa BeKropoB 
*t,. i* n palioue n. Bfl (puc. 5a. 6)
TaK)Ke noKa3blBaeT, qTO aMnJILITyAbI 3eMHOIIpTTJII{B-
Hbrx Bapuaquri 3TlI He rrpeBbnrraror rrepBbrx eArrHr.rq
rlmB/rta. TeoperuvecKrde BeJrrrqransr o6l,elrHbrx Ae-
Qoprrraqnli, Bbr3brBaeMbrx [prrJrr.rBHbrMn KoMrroHeH-
rauu O, u M", cocraBJrrror Ha mr4pore n. BII ser[-
qr.rHy noprAKa 6 x 10-e [Earrraer u Ap., 1989]. KoeS-
QlrqlreHr reH3or{yBcrBrrreJrbHocrr{ rr3Mepr{Telluofi
cr,rcreMbr perrrcrpardrru 3TlI n parione n. Bf[ orleHr.r-
Baercr npr.rMepHo s 34 x 10i B/u. Eclu ua cralr.rqx
noAroroBKrl crrJrbHr,rx 3eMJrerprceHuit s paiione n.
BfI. eo:Hilxnyr o6reuHsre 4e$opMarlurr roprAKa
l0-b-10-) c neprroAaMu, 6ttu3xur"rrr K neprrogaM 3eM-
Holpr.rJrr4BHbrx BoJrH, To raKr{e geQopuaqurr Moryr
conpoBo)KAarbcr rr3MeHeHrrrMu STII c aM[Jrr.rryAa-
Mr{ B eAr4Hrrrlbr-AecrrKu uB/rra. Taxax or{eHKa c[pa-
BeAJrr{Ba npu coxpaHeHtrr{ lunerisocru orKJrrrKa
3TlI na r,r3MeHeHrrr o6teunsrx ge$oprraaqufi s tuu-
poKoM Arrarra3oHe, IIpeBbrrxa]ouleM nprrJr .t nHo l.r gua-
rra3oH Ha rpr.r u 6o"nee [oprAKoB.
II p u"n ueutt til o m rc"n urc e rx e K m p o me Jtrxy p uq e c K o z o
nonfl a paitoue n. Bepxuaa llapamyurca u ceticuu.r-
Hocmb. Ha pr.rc. 3 neprnxa,'lbHbrMrr rruHrrflv.ur roKa3a-
Hbr MoMeHTsr nalr6olee crrJrbHbrx :eunerprceuufi
1997-2000 rr.: I - 5.12.1997 r., M = 7.9, R= 354 ru;
2- I .06.1998r . ,M = 6.3,R= 151 r r , r ;3  -8.03.1999 r . ,
M = 6.9,R = 148 xr'a; 4 - 20.12.2OOO t., M =5.6, R =
= 137 xrtr. Srlr sern{rerpflceHuq co[poBo)KAaJ'rrrcb B
parioHe n. BfI corpqceHurMr{ r,rHTeHcrrsHocrsro or 3-
4 go 5 6arros ro rrrKarre MSK-64. llepeg 3eMrrerpr-
ceHnrMrr He o6HappxeHbr 3aKoHoMepHbre !r3MeHe-
Hr.rr aMnJrnryAbr s,. o{t) u pa3Hocrr.r $as A<p,. orQ).Ta-
Koe rroBeAeHue cr{rHaira O, n 3TlI ouuqaercfl or
rroBeAeHr.n clrrHaJroB O, r BCIII u I4SMI4llpoqec-
cbr [oAroroBKr.r cr{JrbH br x 3e MJr erpfl ce u u rZ ycrrJrr.rBaror
OII3I,IKA3EMJII4 J\b5 2OO3 6*
84 KPOJIEBEU,
peryJrrpHocrb npr{JrrrBHorl ounosenrst O, e BCIII,
qro BbrpDKaercr B qrrarersnoil cra6firusaquu pa3-
Hocrrr Qas A<pe1 [Ca.nrsrron I{ Ap., 19971. Heuryuo-
Bbre [pr.rJrrrBHbre KoMnoHeHTbI Oyu M2 s I,I3MII no-
qBItIOTCfl IICK!'IK)qIITeJIbHO IIpII IOATOTOBKe 3eMJIe-
rpaceHlrri [Kporeneq, Ilaemoroe, 2000].
I4:yveuue eapuaqlrfi 3TfI e pafioHe n. BII Mero-
AaMrr MHofoMepHoro crarucrrrr{ecKofo aHalu:a [Ko-
nbrJroBa u Ap., 2001] no:noJIIrJIo BbIqBLITb cla6yro
aHoMaJrrno nepeA Kponoqxralr 3eMnerpqceHLIeM
5.12.1997 r. (:eunerptceHlle I ua pnc. 3). flpegnora-
raJlocb, r{To raKzur aHoMaJrru MofJra 6sns o6yclonle-
Ha yBeruqeHrleM ypoBHt rlryMoBblx KoMTIoHeHT perll-
cTpr{pyeMbrx cr{rHaJIoB Ha I{3MepI{TeJIbHr,Ix rnHllfx.
Hecra6unsHoe rroBeAeHr{e pa3Hocrr.r $a: npll,runnoli
KOMrrOHeHTbr Cr{rHaJra or nepeg Kponoqruu 3eMJre-
TprceHrreM (plrc. 3) TaK)Ke yKa3blBaer Ha yBerurre-
HUe AOJII{ rXyMOBr,rX COCTaBJrflrOUlllX BO BpeMeHHbIX
pflAax 3TII npu rloAroroBKe gToro 3eMJrerptceHrrfl.
Buecre c reM, corocraBJreHue srt(r) u A<pu(r) c uo-
MeHTaMII CIrJrbHF,rX 3eMJIeTptCe Ulill ge rIo3BoJIteT cAe-
Jrarb oAHo3Ha.rHF,rri BbrBoA o cBq3lr ll:ueneruui [ptIr'IHB-
Hbrx cr{rHtlrros o, u M.eterrporerrypuqecKoro rIoJIt
c [oAroroBrou u BO3HTIKHOBeHI{eM 3eMJlerprceHlrt.
[aHHsrri Bonpoc rpe6yer,qaluuel.truero r3yqeHut.
BbIBOAbI
1. 3nexrporerrypfiqecKoe rone n paiionax rIyHK-
ron Bepxura llapa'ryHKa I,I Tyngpoerlti coAepx(t{r
KOMIIOHeHTbI C qaCTOTaMI4 IIpI'IJII{BHbIX BOJIH Ot, Mz,
Ky, P1o Sr n St, [pOtBJIflIOqI{ect KBa3I{CTaqI'IOHapHO.
2. Xaparrep rroBeAeHr.rr KoMnoHeHT gJIeKTporeJr-
rypuqecKoro noJrt c qacroraMlr BoJIH Oru Mt n paii-
oHe rr. BepxHra flaparynra o6ycroBreH, B ocHoB-
HOM' HenocpeAcTBeHHbIM npI{JIITBHbIM BO3AelrCTBIl-
eM Ha rBepAyro 3eu.nro. B reqeHlle nept{oAoB
yKa3aHHbrx [pr{Jrr,rBHbIX BoJIH BeKTOpbI coorBeTcTBy-
Ioulrrx KoMnoHeHT 3JIeKTpOTeJIrypUqecKofo rloJrt
orrrrcbrBaror roqorpa$sr, no Qopue 6.nlr:xlre r sr-
Jrr{ncaM c o6xogolr r4x no qacoBoli crpelre AJrt BoJI-
ut; Ol rr rrporlrB qacoeor:r crpeJIKLI gr.n eonur,t M2.
3. Arr,r nn lrryAbr orKJr r{Ka g JreKTpore JrJIyp lrqe cKo-
ro rroJra Ha [pI{JILIBHste o:geftcrBllf l  BoJIH Oyu M2s
3T fI cocraBrq ror rre p BbI e M lrKpo Bo J'I bru/lrerp.
4. llpeq;ro>xeHa QenoMeHoJIorI{qecKafl MoAeJt
noBeAeHrr{ KoMrroHeHT O 1 u M2 gJreKTporeJrrypuqe-
cKofo rroJrq, o6.bscnsrou{aq rlx oco6eHHogTLI slrnlrpa-
rlr{oHHbrMrr lpoqeccaMl{ B cJro)KHonocTpoeHHot cpe-
Ae, coAep)Kaulen lrsorpoflHble II aHI{3oTpo[HbIe cJIoI{.
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